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Aft  perpendicular 
Maximum  ship  beam 
Center  of  gravity 
Longitudinal  centerline 
Block  coefficient 

Longitudinal  prismatic  coefficient 
Maximum  transverse  section  coefficient 
Wave  frequency,  cycles/sec  or  herz 

Period  corresponding  to  the  peak  of  the  wave  spectrum, 
cycles/sec 

Forward  perpendicular 

Transverse  metacentrlc  height 

Acceleration  due  to  gravity,  9.8087  m/sec2 

Height  of  center  of  gravity  above  baseline 

Roll,  pitch,  and  yaw  radii  of  gyration 

Longitudinal  position  of  center  of  gravity 

Length  overall  of  ship 

Length  between  perpendiculars  of  ship 

Root  mean  square,  square  root  of  variance 

Long  crested  wave  spectral  density  ordinates 

Ship  draft  at  aft  perpendicular,  midships  and  forward 
perpendicular 

Modal  response  period,  period  corresponding  to  peak  of 
encountered  response  spectrum 

Observed  wave  period 


vitl 


Modal  wave  period,  period  corresponding  to  peak  of  wave 
spectrum 


Natural  heave,  roll,  and  pitch  periods 


Average  zero  crossing  period 


Fetch 


Observed  wave  height 


Significant  wave  height 
doub l e amp l i tudes 


RMS  or  standard  derivation  of  ship  response 


Wave  frequency,  radians/second 


Midlength  between  ship  perpendiculars,  midships 


ABSTRACT 


Ship  motion  predictions  for  the  MONOB  I 57  62  m (189  ft) 
barge  operating  In  the  waters  near  the  Bahamas  are  presented. 

The  motions  and  their  associated  periods  are  calculated  using 
Bretschneider  wave  spectra,  which  are  representative  of  open 
ocean  conditions,  as  well  as  JONSWAP  wave  spectra,  which  are 
representative  of  fetch-limited  sea  conditions.  Both  long 
crested  (unidirectional)  and  short  crested  (multidirectional) 
seas  are  considered.  Based  on  historical  wave  data,  worst  case 
and  representative  case  motion  levels  for  winter  operations  are 
Identified.  A data  base  of  seasonal  sea  conditions,  derived 
from  published  historical  data,  is  presented  and  consists  of 
joint  probabilities  of  occurrence  of  wave  height  and  periods  as 
well  as  probabilities  of  exceedance  of  specified  wave  heights 
for  Tongue  of  the  Ocean  (TOTO)  near  Andros  Island  in  the  Bahamas 


ADMINISTRATIVE  INFORMATION 


This  work  was  conducted  by  the  Surface  Ship  Dynamics  Branch  of  the  Ship 
Performance  Department  at  the  David  W.  Taylor  Naval  Ship  RsD  Center  (DTNSRDC) 
The  work  was  requested  by  the  Ship  Acoustics  Department  of  DTNSRDC  and  is 
identified  as  Work  Unit  1-1965-008-10. 


INTRODUCTION 


This  report  presents  predicted  ship  motions  for  MONOB  I operating  in  the 
waters  off  the  Bahama  Islands.  MONOB  is  a DTNSRDC  controller,  Navy  manned, 
floating  acoustical  laboratory  which  usually  operates  out  of  Fort  Lauderdale, 
Florida.  Ship  motions  were  calculated  using  state-of-the-art  techniques 
developed  by  U.S.  Navy  and  U.S.  Coast  Guard  programs.  Heave,  roll,  and  pitch 
motions  at  the  ship's  CG  as  well  as  the  longitudinal,  lateral,  and  vertical 
motions  at  a specified  cable  sheave  are  reported  for  the  ship  operating  In  both 
long  crested  (unidirectional)  and  short  crested  (multidirectional)  seas. 
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The  ship  is  taken  to  be  operating  in  the  hove-to  mode.  This  is  modeled 
simply  by  assuming  a forward  speed  of  zero  knots.  No  attempt  to  analyze  the 
effects  of  stationkeeping  on  the  predicted  ship  motions  has  been  undertaken. 

The  ship  heading  has  been  allowed  to  vary  between  0 and  180  degrees,  or  follow- 
ing to  head  seas,  in  order  to  identify  the  predominant  wave  direction  expected 
to  cause  the  highest  ship  motions. 

The  ship  motions  reported  herein  are  to  be  used  by  the  Ship  Acoustics 
Department  and  the  Hydrospace  Challenger  Group  of  EG  and  G Washington  Analyti- 
cal Services  Center,  Inc.  to  evaluate  the  design  of  a cable  which  will  be  used 
to  lower  an  instrumentation  capsule  into  and  raise  It  out  of  the  water,  before 
presenting  the  results,  a general  overview  of  the  prediction  procedure  Is 
given.  Special  emphasis  is  placed  on  the  description  of  the  marine  environment 
(seaway)  in  which  the  ship  is  expected  to  operate,  as  this  is  considered  the 
single  most  important  factor  Influencing  the  results,  once  the  ship  itself  is 
defined. 
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r 
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The  calculation  procedure  is  explained  in  great  detail  In  Reference  1.  In 
brief,  a description  of  both  the  ship  and  the  seaway  are  required  as  input,  and 
the  output  consists  of  the  ship  motions  and  their  associated  periods,  see  Figure 
1. 

SHIP  PARTICULARS 

The  particulars  of  MONQB  I are  given  In  Figure  2 and  Table  1.  The  particu- 
lars were  developed  from  data  provided  by  the  Ship  Acoustics  Department  and 
reflect  the  latest  modifications  to  the  ship.  The  ship  originally  was  51.83  m 
(174  ft)  in  overall  length;  however,  recently  the  stern  was  extended  4.57  m (15 
ft).  The  extension  does  not  affect  the  underwater  shape  of  the  ship  used  in 
this  work,  though  the  loading  of  the  ship  does  vary  and  as  such  has  been  included 
In  the  particulars  of  Table  1. 
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The  point  denoted  by  the  asterisks  on  Figure  2 is  the  center  of  the  sheave 
which  houses  the  cable  described  in  a previous  section  of  the  report.  Longi- 
tudinal, lateral,  and  vertical  displacements  were  computed  for  this  point  and 
are  presented  in  a subsequent  section  of  the  report.  Vertical  displacement  at 
the  point  has  been  Identified  by  the  Ship  Acoustics  Department  as  the  motion 
of  primary  concern. 

SEAWAY  DESCRIPTION 

The  operational  area  in  which  HONOR  I is  expected  to  operate  in  the  Bahamas 
is  shown  in  Figure  3.  adopted  from  Reference  2.  Tongue  of  the  Ocean  (TOTO)  and 
Exuma  Sound  are  the  two  areas  of  concern.  An  extensive  search  was  conducted 
to  locate  wave  data  for  these  regions.  References  2 and  3 are  the  only  sources 
located. 

In  order  to  perform  the  required  calculations,  two  types  of  seaway  Infor- 
mation are  needed.  These  are  a knowledge  of  the  distribution  of  wave  energy 
with  respect  to  wavelength  or  wave  period  and  a knowledge  of  the  severity  of 
the  seas  of  the  two  areas.  The  latter  requirement  was  satisfied  by  References 
2 and  3>  However,  the  former  requirement  has  not  been  completely  met  as  no 
wave  spectra  appear  to  have  ever  been  measured  and  published  for  the  area. 

Wave  Spectra 

The  ship  motion  predictions  have  been  done  using  two  analytically  derived 
wave  spectral  forms,  namely  the  Bretschneider  (B)  two-parameter  family  and  the 
mean  JQNSWAP  (J)  five-parameter  family.  The  B-famlly  is  representative  of 
open  ocean  data  and  is  defined  by  the  two  parameters,  wave  height  and  wave 
period.  The  J-famtly  was  derived  from  fetch-limited  data  measured  in  the  North 
Sea.  Nominally,  the  J-family  is  dependent  on  five  parameters,  including 
parameters  describing  the  shape  of  its  peak.  Appendix  A provides  a more 
detailed  description  and  comparison  of  the  two  spectral  forms. 

The  B-family  used  In  this  work  Is  presented  In  Figure  4.  In  brief,  8 
spectra  wtth  modal  (peak)  periods  ranging  from  3 to  10  seconds  were  used.  The 
period  range  was  derived  from  the  data  of  Reference  3 and  presented  in  the 
next  section  of  this  report.  A unit  significant  wave  height  was  used  to  define 
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the  spectra.  This  permits  the  scaling  of  the  predicted  motions  to  any  signifi- 
cant wave  height. 


The  J-fami)y  used  In  this  work  Is  presented  In  Figure  5*  The  spectra  were 
defined  by  considering  a wide  range  of  fetch  lengths  and  wind  speeds.  In  brief, 
spectra  were  calculated  for  the  seven  fetch  lengths  (20,  35,  40,  1*5,  70,  100, 
and  120  nautical  miles)  shown  on  Figure  3,  and  five  occurring  wind  speeds  (10, 

14,  18,  22,  and  26  knots)  reported  in  References  2 and  3*  From  these  35 
spectra,  the  8 shown  on  Figure  5 were  selected.  These  8 represent  those  with 
the  highest  spectral  energy  peak  within  each  modal  period  range,  3*5  to  4, 

4 to  4.5,  . . . , 8 to  8.5  seconds.  A table  listing  the  fetch,  wind  speed, 
significant  wave  height,  and  modal  wave  period  of  the  8 J0NSWAP  spectra  is 
included  on  Figure  $.  The  so-called  mean  J0NSWAP  spectral  form  has  been  used. 

No  attempt  to  describe  water  depth  is  included. 

The  two  spectral  families  were  considered  both  as  long  crested  (uni- 
directional) and  ship  crested  (multidirectional)  seas.  This  was  considered 
necessary  as  Reference  2 indicates  that  swell  can  enter  both  T0T0  and  Exuma 
Sound,  see  Figure  3*  Swells  are  conservatively  represented  by  the  long  crested 
spectra,  and  the  local  wind-generated  seas  are  represented  by  the  short  crested 
spectra.*  No  attempt  to  combine  the  two  into  swell  corrupted  wind  generated  seas 
has  been  attempted  in  this  work.  The  short  crested  spectra  were  determined  by 
"spreading"  the  energy  of  the  spectra  of  Figures  4 and  5 to  +_  90  degrees  about 
a predominant  wave  direction  by  using  a cosine  squared  law.  The  cosine  squared 
law  Is  the  best  spreading  law  currently  available. 

In  summary,  two  wave  spectra  families  have  been  used  to  define  both  long 
crested  and  short  crested  seas.  In  the  absence  of  any  measured  spectra,  it  is 
assumed  that  these  are  representative  of  conditions  occurring  in  T0T0  and  Exuma 
Sound.  By  using  this  variety  of  spectra,  it  is  further  assumed  that  a repre- 
sentative range  of  expected  ship  motions  is  predicted. 


Strictly  speaking,  the  long  crested  J0NSWAP  spectra  are  not  necessarily  repre- 
sentative of  swell  due  to  the  fetch  limits  used  and  are  better  considered  as 
wind  driven  seas. 
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Wave  Severity 

The  severity  of  the  seas,  especially  with  regard  to  a given  ocean  platform, 
Is  determined  by  the  wave  height,  the  wavelength  or  period,  and  the  wave  di- 
rection. It  is  the  combination  of  these  three  parameters  which  determines  the 
overall  response  of  given  ship  to  a given  seaway.  In  this  work,  It  Is  assumed 
that  the  direction  of  MONOB  with  respect  to  tlie  sea  is  random  and  hence  all 
directions  are  considered  equally  probable.  Ship  motions  have  been  predicted 
for  ship  headings  relative  to  the  predominant  direction  of  the  sea  from  0 
(following)  to  180  (head)  degrees  In  15-degree  Increments. 

The  combination  or  joint  occurrence  of  wave  height  and  wave  period  has 
been  treated  In  more  detail.  This  Is  necessary  because,  for  example,  the  ship 
may  respond  more  to  lower  waves  of  a period  near  Its  natural  pitch  frequency 
than  to  higher  waves  of  a period  some  seconds  from  Its  natural  pitch  frequency. 
Tables  2 to  6 present  the  annual  as  well  as  seasonal  observed  joint  distribu- 
tions of  significant  wave  height  and  modal  wave  perfod  for  T0T0.  These  tables 
were  developed  from  observations  given  In  Reference  3-  The  observed  heights  and 
periods  were  converted  to  the  two  defining  parameters  of  the  B-famlly  spectra 
by  use  of  Nordenstrom's  relationships,  see  Reference  It, 

<^1/3  " K68(  obS)0'75  metreS 

(1) 

T ■ 0.82  (T^)  0.96  seconds 
and  the  relationship 

T0  - 1.4  T (2) 

such  that 

Tq  - 1.1 48 (Tobs)°- 96  seconds  (3) 

(;w)l/3  **  the  significant  wave  height,  Is  the  observed  height,  T Is  the 

average  zero  crossing  period,  T . is  the  observed  period,  and  T is  the  modal 
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wave  period.  The  use  of  Nordenstrom' s relations,  equations  I,  has  been  previ- 
ously discussed  In  Reference  5. 

Though,  the  severity  of  the  sea  on  a given  platform  should  be  considered 
by  the  combination  of  height,  period,  and  direction,  it  is  tranditional  in  both 
ship  design  and  operation  to  refer  primarily  to  the  state  of  the  sea  in  terms 
of  wave  height.  Table  7 presents  the  definition  of  sea  state  in  terms  of  signi- 
ficant wave  height  which  is  used  throughout  the  U.S.  Navy  and  U.S.  Coast  Guard. 
The  annual  and  seasonal  variation  of  significant  wave  height  is  presented  in 
Figure  6,  developed  from  Reference  2.  The  histograms  represent  the  occurrence 
of  a given  significant  wave  height  range.  For  example,  in  winter  (January, 
February,  March),  most  commonly  (70  percent  of  the  time),  the  significant  wave 
height  is  from  0.7  to  1.6  m or  Sea  States  2 to  3.  The  dashed  line  represents 
the  percent  frequency  of  exceeding  a given  significant  wave.  For  example,  in 
winter,  50  percent  of  the  time,  1.25  m or  a high  Sea  State  2 will  be  exceeded. 

The  seasonal  variation  is  easily  determined  from  the  figure.  For  example,  50 
percent  of  the  time  in  winter,  the  significant  wave  height  will  exceed  1.25  m 
while  in  spring  (April,  May,  June),  summer  (July,  August,  September),  and  fall 
(October,  November,  December),  the  corresponding  statistic  is  1.10,  0.85,  0.92  m, 
respectively.  The  corresponding  annual  statistic  is  1.20  m.  Regardless  of 
season,  a Sea  State  2 is  exceeded  50  percent  of  the  time. 

Both  References  2 and  3 give  wave  height  distributions,  for  example  see 
Figure  6 and  Tables  2 to  6.  Figure  7 was  developed  in  order  to  establish  the 
compatibility  of  the  two  data  sets.  The  dashed  lines  on  Figure  7 are  the  same 
ones  that  appeared  on  Figure  6.  The  triangles  (A)  are  derived  from  the  data  of 
Tables  2 to  6.  In  general,  the  agreement  between  the  two  data  sets  is  rather 
good,  though  Tables  2 to  6 represent  approximately  half  as  many  observations  as 
does  Figure  6.  The  comparison  for  summer  and  fall  shows  somewhat  more  disparity 
than  either  the  all  season,  winter,  or  spring  distributions,  possibly  due  to  the 
smaller  number  of  observations  in  each  case.  As  the  Figure  6,  or  dashed  line, 
data  permits  a higher  probability  of  exceeding  higher  heights,  it  is  considered 
the  more  conservative  and  thus  the  preferred  data  to  use. 

The  modal  periods  used  to  construct  the  B-family  wave  spectra  described  In 
the  previous  section,  see  Figure  4,  were  selected  upon  examination  of  Tables  2 
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to  6.  It  would  have  been  desirable  to  have  a finer  breakdown  of  period  ranges 
than  that  derived  from  Reference  3 and  shown  on  the  tables.  ^Nevertheless,  It 
was  considered  possible  that  periods  from  3 to  10  seconds  ifl -second  Incre- 
ments should  be  used.  This  range  also  covers  that  which  the  possible  combi- 
nations of  fetch  and  wind  speed  dictated  for  the  J-famtly.  Annually,  and  during 
all  but  the  winter,  most  waves  occur  at  5.4  seconds  or  less.  The  corresponding 
most  probably  occurring  waves  In  winter  are  at  6.6  to  9.5  seconds.  In  spring, 
a few  rare  waves  are  9.5  seconds  or  greater  and  have  significant  wave  height  of 
1.2  to  2.6  m (3.8  to  8.7  ft). 

Figures  6 and  7 and  Tables  2 to  6 represent  observed  conditions  for  T0T0. 
Generally,  It  is  not  expected  that  conditions  would  be  totally  different  in  the 
two  areas  though  some  differences,  based  on  Reference  2,  are  noted.  In  winter. 

If  a representative  wind  of  16  knots  persists  for  six  hours,  significant  wave 
heights  In  Exuma  Sound  may  be  from  0.30  to  0.61  m (1  to  2 ft)  greater  than  in 
T0T0  due  to  the  greater  fetch  available  along  the  direction  of  the  most  probable 
winds  (east  and  northeast).  Also  In  winter  a higher  frequency  of  swell  Is 
expected  In  T0T0,  see  Figure  3,  and  relatively  little  In  the  southern  part  of 
Exuma  Sound.  Thus,  In  winter  the  waves  In  Exuma  Sound  will  be  mainly  local 
wind-generated  waves  (short  crested)  while  In  T0T0  there  Is  high  probability  of 
swell  waves  (long  crested).  In  spring,  significant  wave  heights  for  the  higher 
winds  (>_  18  knots)  can  produce  waves  0.61  m (2  ft)  greater  In  Exuma  Sound,  though 
swell  should  be  rare  In  both  areas,  occurring  somewhat  more  often  In  T0TO.  A 
wind  of  12  knots,  from  the  east  Is  considered  representative.  In  summer,  local 
wind  waves  In  Exuma  Sound  may  be  0.30  m (1  ft)  higher  than  In  TOT0.  Swell 
waves  should  be  rare.  The  wind  Is  generally  from  the  east.  In  fall,  the 
locally  generated  wind  waves  are  highest  of  all  seasons,  see  Tables  2 to  6,  and 
may  be  0.46  m (1.5  ft)  larger  tn  Exuma  Sound.  Swell  occurrences  would  be 
similar  to  that  In  winter.  The  representative  wind  is  16  knots  from  the  east 
and  northeast. 

As  a summary,  Table  8 has  been  prepared  and  Is  based  primarily  on  the  most 
probably  occurring  wind  In  each  season.  It  Is  assumed  that  the  most  probably 
occurring  wave  height  and  Its  most  probable  period  can  occur  simultaneously  with 
the  most  probable  wind.  The  wave  periods  In  Exuma  Sound  are  assumed  to  be  the 
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same  as  In  TOTO  here,  however.  It  Is  possible  that  the  longer  available  fetch 
In  Exuma  Sound  may  lengthen  them.  The  range  of  periods  In  each  category  on 
Tables  2 to  6 Is  rather  wide,  so  any  variation  of  the  percent  occurrence  at 
Exuma  Sound  would  likely  change  the  complexion  of  the  tables  very  little, 

RESULTS 

As  indicated  In  Figure  1,  the  results  are  presented  in  the  form  of  root 
mean  square  (RMS)  motions  and  the  periods  associated  with  them.  The  system  of 

ship  motion  computer  programs  used  in  this  work  can  also  provide  hard  copy 

output  of  the  ship  motion  spectra,  from  which  the  RMS  motions  and  associated 
periods  are  derived,  as  well  as  time  histories  of  ship  motion.  These  options 
were  not  exercised  in  the  current  work,  though  the  spectra  have  been  stored  on 
microfiche  and  are  available  upon  request.  The  calculation  of  time  histories 
was  not  undertaken  and  was  considered  beyond  the  scope  and  funding  of  the  work. 

RMS  MOTIONS  AND  ASSOCIATED  PERIODS 

Appendix  B presents  the  data  base  of  predicted  ship  motions  of  primary 

Interest  to  this  work.  These  are  heave,  roll,  and  pitch  motions  at  the  ship's 

CG  and  the  longitudinal,  lateral,  and  vertical  displacement  at  the  center  of 
the  cable  sheave,  Identified  by  the  asterisk  in  Figure  2,  for  the  MONOB  operating 
at  0 knots.  Of  these,  the  vertical  displacement  at  the  sheave  is  of  primary 
Interest.  In  addition  to  the  required  motions,  motions  at  two  other  speeds, 

3 and  6 knots,'  as  well  as  the  corresponding  velocities  and  accelerations  were 
calculated.  It  Is  considered  rather  useful  to  have  such  information  for  possible 
future  evaluations  as  well  as  for  general  operation  of  the  ship.  The  cost  of 
Including  the  additional  responses  Is  essentially  absorbed  in  extra  computer 
time  which  Is  a relatively  small  amount  of  the  overall  cost  of  the  work.  The 
complete  data  base  of  displacements  (angles),  velocities,  and  accelerations  for 

rol  1 

pitch 

longitudinal,  lateral,  and  vertical  (heave)  response  at  the  CG 
* 6 knots  is  considered  near  top  speed  of  the  MONOB. 
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longitudinal , lateral,  and  vertical  response  at  the  sheave 

for  0,  3,  and  ( knots  Is  available  on  microfiche  upon  request.  The  3 and  (-knot 

data  Is  Included  In  Appendix  B for  the  motions  of  primary  interest.  f 

Figures  8 to  II  provide  the  data  base  of  Interest  to  this  work.  The  figures 
are  "density"  plots  of  the  motions  predicted  for  the  ®-knot  case  for  each  of 
the  four  wave  spectral  forms.  For  example.  Figure  8 provides  the  required  six 
motions  for  all  ship  headings  as  a function  of  the  associated  period,  T^,*  for 
the  long  crested  B-family  wave  spectra  at  a unit  significant  wave  height.  Each 
of  the  six  graphs  on  the  figure  contain  (13  headings)  * (8  wave  spectra)  - 1®4 
data  points.  Figure  9 Is  for  the  motions  predicted  using  the  short  crested 
B-famlly  wave  spectra.  Similarly,  Figures  10  and  11  are  for  the  long  crested 
and  short  crested  J-famlly  spectra,  respectively. 

Figures  8 to  1 1 are  useful  In  determining  both  the  amplitudes  of  the  worst 
case  motions  as  well  as  the  periods  at  which  they  occur.  It  is  considered 
reasonable,  though  conservative  as  it  is  unlikely  the  worst  case  motions  will 
occur  simultaneously  for  all  modes,  to  use  these  worst  motion  values  for 
design  evaluation  work.  Table  9 was  prepared  to  illustrate  the  worst  case 
motions,  and  the  conditions  at  which  they  occur,  selected  from  Figures  8 to 
11.  It  should  be  noted  here  that  the  values  given  for  the  two  B-family  types 
are  in  terms  of  0.3B  m (1  ft)  significant  wave  height  and  thus  should  be  scaled 
to  an  appropriate  significant  wave  height.  The  J-famlly  motions  are  given  for 
both  the  4.0  m (13.1  ft)  and  2.(  m (8.5  ft)  significant  wave  height  cases.  The 
lower  wave  height  case  will  be  discussed  In  the  section  on  Ship  Motions  in 
Lower  Sea  States.  The  next  section  focuses  on  the  worst  case  wave  height  (4  m) 
only. 

Table  9 indicates  that  the  motions  are  highest  for  spectra  of  modal  periods 
from  7 to  10  seconds,  All  of  the  J-family  worst  case  motions  occur  with  the 
8.4-second,  4 m (13.1  ft)  wave  spectrum.  This  J-spectrum  corresponds  to  the 

I 


Tqe  Is  the  period  corresponding  to  the  peak  of  the  encountered  response  spectrum. 
It  has  been  found  to  correspond  to  the  period  of  the  cycle  of  greatest  excursion 
In  ship  motion  time  histories  for  conditions  when  the  wave  spectrum  is  reason- 
ably single-peaked.  Reference  I contains  further  details. 


9 


■ -n  — - — J 


- 


r 


* 


longest  fetch  (120  nm),  highest  wind  (26  knots)  considered,  and  represents  a 
relatively  rare  occurrence.  For  example,  In  winter  a 26-knot  wind  speed  Is 
expected  to  occur  from  7 to  15  percent  of  the  time,  see  Reference  2,  but  may 
be  generally  of  limited  persistence  because  4 m significant  wave  heights  occur 
2 percent  or  less  of  the  time,  see  Figure  6. 

SNIP  MOTIONS  IN  HIGHER  SEA  STATES 

For  purposes  of  this  evaluation,  a significant  wave  height  of  4 m (13.1  ft) 
will  be  taken  as  a standard  with  which  to  compare  the  worst  case  motions 
Identified  In  the  first  four  rows  of  each  motion  type  of  Table  3.  The  J-famlly 
results  are  already  In  terms  of  this  wave  height.  The  Bretschneider  motions 
should  be  multiplied  by  4 m (13.1  ft).  Table  3 indicates  that  waves  of  this 
height  have  been  observed  in  winter  with  periods  of  6.6  to  3.5  seconds.  This 
is  approximately  in  the  range  of  the  worst  case  periods  of  Table  3,  e.g.,  7 to 
10  seconds,  so  that  the  selection  seems  a viable  one. 

Figure  12  presents  the  resulting  worse  case  motions  for  each  spectral  type. 
The  percentage  difference  between  the  highest  and  lowest  values  of  each  motion 
are  15.1  for  heave,  28.3  for  roll,  5.0  for  pitch,  and  28.1  for  longitudinal, 

25.6  for  lateral,  and  13.8  for  the  vertical  sheave  displacements.  RMS  pitch  Is 
the  only  motion  relatively  unaffected  by  spectral  type.  Examining  the  first 
four  rows  of  Table  3 for  all  but  pitch  and  longitudinal  displacement,  the 
heading  angle  for  the  worst  case  motions  is  relatively  unaffected.  The  period 
associated  with  the  motions,  T^,  varies  3.5  seconds  for  heave,  2.2  seconds 
for  pitch,  0.5  second  for  longitudinal  displacement,  and  0.2  second  for  lateral 
displacement,  depending  on  spectral  type.  The  period  of  worst  case  roll  and 
vertical  displacement  do  not  change  with  spectral  type. 

Table  10  presents  the  recommended  overall  worst  case  motions.  The  RMS 
motions  correspond  to  the  highest  ones,  of  each  motion-type,  shown  In  Figure 
12.  The  results  In  Table  10  correspond  to  an  infrequent  wave  occurrence,  2 
percent  or  less,  during  the  winter  season.  In  lieu  of  a knowledge  of  true  wave 
spectral  form  for  T0T0  and  Exuma  Sound,  the  wave  spectral  type  which  produces 
the  highest  ship  motions  has  been  selected.  Those  which  correspond  to  the  data 
of  Table  10  include  all  but  the  J-famlly  short  crested  form. 
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It  should  be  noted  that  Table  10  presents  RMS  motions  only.  This  value 
corresponds  to  the  square  root  of  the  zeroth  moment  or  area  of  the  motion 
spectrum.  Table  11  provides  the  appropriate  constants  to  scale  these  values 
to  higher  order  statistics.  For  example,  the  significant  worst  case  vertical 
displacement  at  the  sheave  Is  2.00  • 1.95  m or  3.90  m (12.8  ft),  the  highest 
expected  in  100  is  3-03  • 1-95  m or  5. 90  m (19.1*  ft),  etc. 

SHIP  MOTIONS  IN  LOWER  SEA  STATES 

The  worst  case  results  presented  above  are  representative  of  relatively 
-are  (2  percent  or  less)  sea  conditions  for  T0T0  and  Exuma  Sound.  Table  8 
indicates  that  perhaps  more  representative  conditions,  based  on  a most  likely 
wind  speed  of  16  knots,  and  the  same  predominant  direction  (east,  northeast) 
would  result  in  somewhat  lower  waves  (2.6  m or  less)  and  thus  less  severe 
motions.  This  wind  occurs  about  16  percent  of  the  time  in  winter,  see  Reference 
2.  Figure  6 indicates  that  6 percent  of  the  time  in  winter  the  significant 
wave  height  equals  or  exceeds  2.6  m (8.5  ft)  and  Table  3 indicates  the  modal 
wave  period  is  more  likely  to  be  in  the  6.6  to  9-5"Second  range.  Figure  5 
indicates  that  J-family  spectra  4-3  and  5“4  come  closest  to  meeting  these 
specifications.  Spectrum  5*1*  has  a slightly  higher  height  and  period,  so  it  is 
chosen  for  this  determination  of  more  typical  ship  motions. 

Following  the  procedure  in  the  previous  section,  the  J-family  motions, 
identified  in  rows  5 and  6 of  each  motion  type  of  Table  9.  are  identified 
for  the  more  typical  sea  condition.  The  B-family  motions  identified  in  the 
first  two  rows  of  Table  9 are  considered  appropriate  for  this  case  also. 

Figure  13  has  been  prepared  using  these  J-family  and  B-fami'y  motions  of  Table 
9 with  a significant  wave  height  of  2.6  m (8.5  ft).  Table  12  presents  the 
highest  motion  values  for  each  motion-type  shown  on  Figure  13.  Table  12 
includes  motions  for  all  but  the  two  short  crested  forms.  The  percentage 
difference  between  the  highest  and  lowest  values  for  each  motion  is  18.0  for 
heave,  1*4.2  for  roll,  10.4  tor  pitch,  and  34.2  for  longitudinal,  52.6  for 
lateral,  and  17.6  for  the  vertical  displacements  of  the  sheave.  Except  for 
the  case  of  vertical  sheave  displacement,  all  of  the  percentage  differences 
are  higher  than  was  the  case  for  Table  10  which  represents  the  worst  case 
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winter  motions.  This  indicates  the  greater  importance  of  wave  spectral  shape 
for  lower  sea  states. 

The  major  differences  between  the  worst  case  motions  of  Table  10  and  the 
more  representative  case  motions  of  Table  12  are  in  the  amplitudes  of  the  motions. 
The  periods  of  the  motions  remain  essentially  unchanged.  The  heading  angles 
remain  unchanged  for  all  but  pitch  and  longitudinal  sheave  displacement.  The 
motions  of  Table  10  are  from  1.54  to  2.06  times  the  values  of  Table  12. 

As  discussed  in  the  previous  section,  higher  order  statistics  of  the  motions 
of  Table  12  are  obtainable  by  applying  the  constants  of  Table  11. 

SHIP  NOTIONS  WITH  LOW  ASSOCIATED  PERIODS 

Some  concern  has  been  expressed  by  the  Ship  Acoustics  Department  and  the 
Hydrospace  Challenger  Group  regarding  vertical  displacements  of  the  cable  sheave 
which  occur  with  a low  associated  period.  Such  motions  could  cause  an  unde- 
sirable increase  in  cable  tension.  The  tables  of  Appendix  B indicate  that  the 
lowest  predicted  period  of  vertical  sheave  displacement  Is  3.9  seconds.  Table 
13  has  been  prepared  to  summarize  worst  case  motions  at  the  cable  sheave  occur- 
ring at  5 seconds  or  less.  Regardless  of  wave  spectral  type,  the  worst  cases 
occur  tn  quarter ing-to-near-beam  seas  at  periods  of  nearly  5 seconds.  For  a 
1.4  m (4.6  ft)  significant  wave  height,  the  worst  case  motion,  from  Table  13* 
becomes  0.49  m (1.6  ft)  which  corresponds  to  the  long  crested  J-family  occurrence. 
Table  3 Indicates  that  the  highest  wave  height  In  the  most  probable  height  range 
in  winter  for  5 seconds  is  1.2  m (3.8  ft).  Scaltng  the  B-famlly  motions  by  this 
wave  height  indicates  a possible  0.32  m (1.06  ft)  rms  vertical  sheave  displace- 
ment. This  value  is  considered  the  highest  likely  to  occur  at  a period  of  5 
seconds  or  less.  If  this  value  causes  undesirable  cable  tensions,  operations  in 
near-beam  seas  should  be  avoided.  The  likelihood  of  the  wave  condition  which 
produces  this  result  is  rather  high  throughout  the  year,  see  Tables  3 to  6. 

CONCLUDING  REMARKS 
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. A data  base  of  predicted  ship  motions  for  the  MONOB  i Is  given  for  the  ship 
operating  at  0 knots.  The  data  base  Is  useful  In  both  naval  engineering 
and  design  problems  as  well  as  for  at»sea  operations, 

2.  Sea  conditions  producing  highest  motion  amplitude  levels,  across  all  ship 
headings,  for  the  ship  operating  at  zero  knots  are  identified.  Due  to  a 
scarcity  of  measured  data  for  the  oceanographic  areas  of  concern,  Tongue  of 
the  Ocean  and  Exuma  Sound  near  the  Bahama  Islands,  several  wave  spectral 
forms  have  been  used. 

3.  For  engineering  and  design  problems,  the  worst  motions  regardless  of  wave 
spectral  form  and  ship  heading  should  be  used.  Following  this,  the  worst 
case  RMS  vertical  displacement  of  the  sheave  is  1.95  m (6.1*  ft)  In  winter. 
This  value  corresponds  to  a long  crested,  fetch-limited  wave  spectrum  which 
may  occur  2 percent  of  the  time.  If  a less  severe  sea  condition  is  con- 
sidered, e.g.,  one  which  occurs  about  6 percent  of  the  time,  the  RMS  verti- 
cal displacement  is  reduced  to  1.06  m (3.5  ft).  The  period  associated 
with  the  motion  is  8.5  seconds,  regardless  of  sea  state  used, 

4.  The  effect  of  alternate  ship  headings  on  ship  motion  levels  is  important, 
indicating  that  the  heading  which  produces  the  highest  motions  is  a 
conservative  one  to  use  for  design  and  engineering  problems. 

5.  The  period  associated  with  the  ship  motions  for  a given  sea  condition  is 
not  substantially  affected  as  ship  heading  varies  from  head-to-beam-to- 
following  seas.  The  period  associated  with  the  ship  motions  for  different 
sea  conditions  can  vary  substantially. 

6.  For  operational  purposes,  the  data  base  can  be  applied  to  determine 
expected  motion  levels  as  ship  heading  and  speed  vary.  For  open  ocean 
transits,  say  from  Florida  to  the  Bahamas,  the  motions  predicted  using  the 
Bretschnelder  spectra  should  be  used.  Near  the  coast,  the  long  crested 
values  may  be  more  applicable.  For  operations  in  T0T0  and  Fxuma  Sound,  the 
motions  predicted  using  the  mean  JONSWAP  spectra  may  be  more  applicable, 
though  no  effect  due  to  depth  has  been  included,  In  winter,  the  long 
crested  predictions  are  more  applicable  to  T0T0  and  the  short  crested  to 
Exuma  Sound. 
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7.  Operations  in  near-beam  seas  will  produce  RMS  vertical  sheave  displacements 
of  0.32  m (1.1  ft)  at  periods  of  5 seconds  or  less.  If  such  periods  of 
motion  produce  undesirable  cable  tensions,  even  though  the  motion  amplitude 
itself  is  small,  operations  in  near-beam  seas,  e.g.,  60  to  105  degrees, 
should  be  avoided. 

RECOMMENDATION 

Due  to  the  uncertainty  associated  with  the  wave  spectral  form  appropriate 
for  describing  the  conditions  of  T0T0  and  Exuma  Sound,  it  is  recommended  that 
wave  measurements  be  carried  out  in  conjunction  with  a Ship  Acoustics  Depart- 
ment full-scale  trial  in  those  waters.  It  is  believed  that  the  measurement  and 
analysis  of  such  data  could  be  of  benefit  to  future  acoustics  trials  in  the  area. 
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SPLACEMENTS  AT  CENTER  OF  CABLE  SHEAVE,  FEET 


MONOB  I 

Load i ng 

Full 

Top  Speed,  Knots 

8 

A,  m.  tons  ( 1 . tons) 

1132  (1114) 

LqA»  m (feet) 

57.62  (189.00) 

Lpp,  m (feet) 

51.22  (168,00) 

B , m (feet) 

X 

10.01  (32.85) 

Tpp,  m (feet) 

3.08  (10.10) 

T^,  m (feet) 

3.29  (10.78) 

TAp,  m (feet) 

3.49  (11.45) 

KG,  m (feet) 

3.04  (9.99) 

GM,  m (feet) 

.75  (2.46) 

LCG  from  FP,  m (feet) 

25.01  (82.04) 

V * Bx 

• 35 

V % lpp 

.25 

V % lpp 

.25 

CB 

.67 

C 

X 

• 99 

CP 

.68 

T^,  seconds 

5.0 

T , seconds 
$ 

8.4 

T , seconds 

6.3 

Bilge  Keels 

No 

TABLE  2 - OBSERVED  ANNUAL  WAVE  HEIGHT  AND  PERIOD 
OCCURRENCES  FOR  TOTO 


ALL  SEASONS  (873  observations) 


Significant  Wave  Height,  (c  )i, 

w v 3 

m feet 


< 3-8 


> 1.2  to  <^2.0  > 3.8  to  <6. A 


> 2.0  to  <_  2.6  >6. A to  <8. 7 


> 2.6  to  < 3-3  > 8.7  to  <10.8 


> 10.8 


Total  % 


Modal  Wave  Period,  T , seconds 
o 

< 5- A > 6.6  to  < 9-5  > 9.5 


Tota  1 
Percent 


% Calm  or  Undetermined 


TABLE  3 " OBSERVED  WINTER  WAVE  HEIGHT  AND  PERIOD 
OCCURRENCES  FOR  TOTO 


JANUARY,  FEBRUARY,  MARCH  (261  observations) 

Significant  Wave  Height,  (£w)i/ 
m feet 

Modal  Wave  Period,  T , seconds 
o 

< 5-*  > 6.6  to  « 9-5  > 95 

Tota  1 
Percen  t 

< 1.2 

< 3.8 

20.32 

11.62 

- 

31  .9* 

> 1.2  to  < 2.0 

> 3.8  to  < 6.* 

13.50 

37.50 

- 

51  .00 

> 2.0  to  < 2.6 

> 6.*  to  <_  8.7 

2.88 

3-95 

- 

6.82 

> 2.6  to  <3.3 

> 8.7  to  <10.8 

0.38 

2.3* 

- 

2.72 

> 3.3 

> 10.8 

0.*6 

0.19 

- 

0.65 

Total  % 

37.5* 

55.60 

93.1* 

Total  % 


I Calm  or  Undetermined 


93.1* 

6.(36 


APRIL  MAY,  JUNE  (211  observations) 


Significant  Wave  Height,  (£w)i/ 
m feet 

< 1.2  < 3.8 


>3.8  to  <_  6.4 


> 6. A to 


> 8.7  to  <.10.8 


10.8 


Total  % 


% Calm  or  Undetermined 


Tota  I 
Percent 

A6.9  A 
30.80 
7.7A 
2.70 
0.71 

88.89 

11.11 


TABLE  5 - OBSERVED  SUMMER  WAVE  HEIGHT  AND  PERIOD 
OCCURRENCES  FOR  TOTO 


Significant  Wav< 
m 

• Height. 

feet 

< 1 .2 

< 3.8 

> 1.2  to  <2.0 

> 3.8  to  < 6.4 

> 2.0  to  <_  2.6 

> 6.4  to  ± 8.7 

> 2.6  to  <_  3 - 3 

> 8.7  to  <10.8 

> 3.3 

> 10.8 

Total  % 

JULY,  AUGUST,  SEPTEMBER  (254  observations) 


Modal  Wave  Period,  T , seconds 
<_  5- 4 > 6.6  to  < 9-5  > 9.5 


56.14 


26.97 


Total 

Percent 


56.14 


26.97 


83.11 


% Calm  or  Undetermined 


83.11 


16.89 


TABLE  6 - OBSERVED  FALL  WAVE  HEIGHT  AND  PERIOD 
OCCURRENCES  FOR  TOTO 


OCTOBER,  NOVEMBER,  DECEMBER  047  observations) 


Significant  Wav< 
m 

s Height,  (iw)i/3 
feet 

Modal  Wave  Period,  T , seconds 
0 

< 5.4  > 6.6  to  < 9-5  > 9-5 

Total 

Percent 

< 1.2 

< 3.8 

39.96 

2.88 

- 

42.84 

> 1.2  to  < 2.0 

> 3.8  to  < 6.4 

28.96 

7.67 

- 

36.63 

> 2.0  to  < 2.6 

> 6.4  to  £ 8.7 

- 

8.63 

- 

8.63 

> 2.6  to  <.3.3 

> 8.7  to  <10.8 

- 

3. 84 

- 

3.84 

> 3-3 

> 10.8 

- 

- 

- 

- 

Total  % 

68.92 

23.02 

91  .94 

% Calm  or  Undetermined 

8.06 
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TABLE  8 - SEASONAL  REPRESENTATIVE  SEA  CONDITIONS 
FOR  TOTO  AND  EXUMA  SOUND 


Season 

TOTO 

Exuma  Sound 

Winter 

Long  Crested 

Short  Crested 

1 .2  to  2.0  m* 

1,5  to  2.6  m 

6,6  to  9-5  sec** 

6.6  to  9.5  sec 

Spring 

Short  Crested 

Short  Crested 

<1.2  m 

<1,8  m 

<_  5.**  sec 

5.4  sec 

Summer 

Short  Crested 

Short  Crested 

< 1.2  u 

< 1.5  m 

± S.1*  sec 

£ 5. ^ sec 

Fall 

Long  Crested 

Short  Crested 

E 

CM 

vl 

E 

vl 

<_  5.1*  sec 

<_  5.^  sec  ) 

*Slgnlflcant  wave  height. 
**Moda1  wave  period. 


iBLE  9 - IDENTIFICATION  OF  MONOB  I,  0 KNOT  WORST  CASE  MOTION 
OCCURRENCES  FOR  WINTER  OPERATIONS  IN  TOTO  AND  EXUMA  SOUND 
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example.  In  a Bretschnelder  long  crested  seaway  characterized  by  a .30  m (1.00-ft)  significant  wave  height 
a period  of  9.0  seconds,  the  vertical  sheave  displacement  near-beam  seas  (105  degrees)  is  .126  m (.42  ft) 
occurs  with  a period  of  8.5  seconds. 


TABLE  10  - MONOB  I,  0 KNOT  WORST  CASE  MOTIONS  FOR  SEVERE  WINTER 
SEAS  OF  SIGNIFICANT  WAVE  HEIGHT  *.0  M (13.1  FT) 


rms/t0E/p/to 


Motion 

Heave , 

m (ft) 

Rol  1 , 

deg 

Pitch, 

deg 

Sheave 

Lon.  Dis., 

m 

(ft) 

Sheave 

Lat.  Dis., 

m 

(ft) 

Sheave 

Ver.  Dis., 

m 

(ft) 

1.15  (3 . 77) /6. 3/  90/7 
11.2/8,5/  90/8.1* 
3.37/6.3/180/7 
0.9*  (3.1)  /8 . 5/  *5/8.* 
1.31  (*.3)  /8 . 5/  75/8.A 
1.95  (6.1*)  /8. 5/105/8.1* 


For  example,  the  worst  rms  ver.  dis.  of  the  sheave,  1.95  m (6.1*  ft), 
occurs  at  a period  of  8.5  seconds,  In  near-beam  seas  (105  degrees).  The 
seas  are  characterized  by  a significant  wave  height  of  1*  m (13.1  ft) 
ond  a period  of  8.1*  seconds. 
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TABLE  11  - STATISTICAL  CONSTANTS  FOR  SINGLE  ANO  DOUBLE  AMPLITUDE 
SHIP  MOTIONS  ANO  WAVE  HEIGHTS 


Root  mean  square  amplitude,  RMS  * 1.00  a 
Average  amplitude  - 1.25  o 
Average  of  highest  1/3  amplitudes,  significant  * 2.00  o 
Highest  expected  amplitude  in  10  successive  amplitudes  ■ 2.15  o 
Average  of  highest  1/10  amplitudes  « 2.55  o 
Highest  expected  amplitude  In  30  successive  amplitudes  * 2.61  o 
Highest  expected  amplitude  In  50  successive  amplitudes  - 2.80  o 
Highest  expected  amplitude  In  100  successive  amplitudes  ■ 3.03  c 
Highest  expected  amplitude  In  200  successive  amplitudes  = 3.25  o 
Highest  expected  amplitude  in  1000  successive  amplitudes  * 3.72  o 


o2  ■ Statistical  variance  of  time  history 

N = Number  of  successive  amplitudes 

CONSTANT  «=  /2  (£n  N)^,  where  CONSTANT  relates  c to  the 

highest  expected  amplitude  in  N successive  amplitudes 

NOTES:  1.  The  highest  expected  amplitude  in  N amplitudes  is  the  most 

probable  extreme  value  In  N amplitudes.  This  value  may  be 
exceeded  63  percent  of  the  time. 

2.  Double  amplitudes  are  obtained  by  multiplying  the  above 
constants  by  2,00. 
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TABLE  12  - MONOB  1,  0 KNOT  WORST  CASE  MOTIONS  FOR  REPRESENTATIVE 
WINTER  SEAS  OF  SIGNIFICANT  WAVE  HEIGHT  2.6  M (8.5  FT) 


Mot  1 on 

RMS/T.  /u/T 
ut  o 

Heave,  m (ft) 

0.73  (2.4)/6.3/  90/7 

Roll,  deg 

5.6/8. 5/  90/9 

Pitch,  deg 

2.476.7/15-^5/7 

Sheave  Lon.  DIs.,  m (ft) 

0.46(1 .5)/9. 0/135/10 

Sheave  Lat.  DIs.,  m (ft) 

0.73(2.4)/8.3/  75/8 

Sheave  Ver.  DIs.,  m (ft) 

1. 06(3. 5)78. 5/105/9 

For  example,  the  worst  rms 
occurs  at  a period  of  8.5 
seas  are  characterized  by 
and  a period  of  9 seconds. 

ver.  dls,  of  the  sheave,  1.06  m (3.5  ft), 
seconds,  In  near-beam  seas  (105  degrees).  The 
a significant  wave  height  of  2.60  m (8.5  ft) 
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TABLE  13  - MONOB  I,  0 KNOT  WORST  CASE  NOTIONS  OCCURRING 
AT  FIVE  SECONDS  OR  LESS 


Spectral 

Family 

and 

Spreading 

Significant 
Wave  Height 
m (ft) 

RMS/Wm/T0 
Vertical  Sheave 
Displacement 
m (ft) 

blc 

0.3  (1.0) 

0.08  (,28)/4. 8/105/5 

Bsc 

0.3  (1.0) 

0.08  (.26)/4. 8/90/5 

JLC 

1.4  (i*. 6) 

0.49  (1.60)/4. 8/75-105/4. 8 

Jsc 

l.A  (4.6) 

0.43  (1.40)/4. 8/75-105/4. 8 

B Indicates  Bretschnelder  and  J Indicates  JONSWAP  spectral  forms.  LC  means 
long  crested  and  SC  short  crested  seas.  For  example,  In  a Bretschnelder 
long  crested  seaway  characterized  by  a 0.3  m (1.0-ft)  significant  wave  height 
and  a period  of  5.0  seconds,  the  vertical  sheave  displacement  near-beam  seas 
(105  degrees)  Is  0.086  m (0.28  ft)  and  occurs  with  a period  of  A. 8 seconds. 
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DEFINITIONS  AND  COMPARISONS  OF  BRETSCHNE IDER  AND  MEAN 
JONSWAP  WAVE  SPECTRA 

Due  to  a dearth  of  measured  wave  spectra  for  TOTO  and  Exuma  Sound,  a 
difficulty  In  selecting  an  appropriate  wave  spectral  form  for  ship  motion 
predictions  existed  in  the  early  stages  of  this  work.  The  waves  of  TOTO  and 
Exuma  Sound  are  at  least  partially  limited  by  fetch,  e.g.,  when  considering 
predominant  wind  directions,  and  both  local  wind  driven  and  incoming  swell 
waves  can  occur,  see  Figure  3.  The  difficulty  was  resolved  by  selecting  two 
separate  spectral  forms,  of  which  one  Is  more  representative  of  open  ocean  areas 
and  the  other  of  fetch-limited  areas.  Both  forms  were  used  to  define  long 
crested  (unidirectional)  and  short  crested  (multidirectional)  seas.  The  short 
crested  seas  were  modeled  by  spreading  the  spectral  wave  energy  to  + 90  degrees 
of  a predominant  wave  direction  by  using  a "cosine-squared"  law.  This  pro- 
cedure for  "short  cresting"  the  seas  is  the  most  common  one  currently  in  use  in 
ship  performance  prediction  evaluations. 

The  two  spectral  forms  used  are  the  Bretschneider  two-parameter  formulation, 
see  Reference  6,  and  the  mean  JONSWAP  so-called  five-parameter  formulation,  see 
Reference  7.  The  Bretschneider  spectral  density  equation,  as  used  in  this  work, 
is 


S^(u>)  = AuT5  exp  [-  B/u>4]  ft2  • sec 


where 

ft2  • sec-4 

(4) 

and 

B - 19M.5/T  * 
o 

sec-4 

The  two  parameters  are  significant  wave  height,  (c  )l7  in  ft,  and  modal  wave 
period,  Tq  In  sec.  u>  Is  the  circular  wave  frequency  In  rad  • sec-1.  Equation 
4 represents  the  energy  of  a long  crested  seaway  and  Figure  4 shows  typical 
spectra  when  Tq  varies  from  3 to  10  seconds  and  the  significant  wave  height  is 
held  constant. 
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The  Bretschnelder  spectrum  is  currently  widely  used  In  ship  design  and  naval 
engineering  problems.  Previous  to  the  Bretschneider  form,  the  Plerson-Moskowl tz 
one-parameter  (significant  wave  height)  spectral  form  was  most  heavily  used.  The 
Plerson-Moskowl tz  spectrum  Is  representative  of  open  ocean  fully  developed  seas 
and  can  be  determined  from  equation  4 by  setting 

T0  • 2-«  151 

where  (£  )i,  Is  In  feet, 
w'  V3 

The  JONSWAP  spectral  density  equation  for  long  crested  seas  as  used  In  this 
work  I s 


S?(f) 


a g2  (2ir) “**  f-5  exp  [-  Y*XP  ^ ^ 


f )2/(2o2  f 2)] 

o c 


n2  • sec  (6) 


where  f Is  the  wave  frequency  in  cycles  • sec-1,  f Is  the  frequency  at  the 

spectral  peak,  and  g is  the  acceleration  due  to  gravity.  The  five  paramete'S 

are  a,  y,  a , 0.  , f , see  Figure  14.  In  this  work,  a “mean"  JONSWAP  spectrum 
a d o 

has  been  used,  so  y is  3-3,  a is  0.07,  and  a.  is  0.09.  These  represent  average 

a b 

values  and  are  further  discussed  in  Reference  J.  The  remaining  two  parameters 
a and  fQ  are  dependent  on  the  wind  speed  and  fetch, 


a » 0.076  X"-22 


f = f g/U 
o o 


where 


X = g X/U2 


fQ  - 3-5  X--33 


X is  the  fetch  In  nautical  miles.  The  wind  speed  U is  taken  to  be  at  10  m and 
is  In  units  of  knots.  The  fetch  and  wind  speed  values  given  In  the  table  on 
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Figure  5 were  used  together  with  equations  5 and  6 to  define  the  spectra  shown 
on  the  figure. 


The  JON SWAP  spectral  form  represents  a generalization  of  the  Pierson- 
Moskowitz  form  by  inclusion  of  fetch  as  an  additional  parameter  to  wind  speed. 

If  o is  .0081  and  y is  1 in  equation  6,  the  JONSWAP  spectral  form  is  identical 
to  the  Pierson-Moskow? tz  form.  Figure  15  compares  a typical  Plerson-Moskowi tz 
spectrum  with  significant  wave  height  of  A m (13.1  ft)  with  the  corresponding 
JONSWAP  form  of  significant  wave  height  A. 9 m (16.0  ft).  The  wind  speed  is  15 
knots.  it  is  rather  obvious  that  the  JONSWAP  spectrum  contains  more  energy 
than  the  corresponding  Plerson-Moskowi tz  spectrum  for  the  same  values  of  fQ 
and  a.  The  differences  between  ship  motions  calculated  using  the  two  different 
spectra  will  be  greatest  when  the  ship  response  amplitude  operators  are  finely 
tuned  (sharply  peaked). 

It  is  obvious  that  equation  6 can  be  rewritten  to  be  more  compatible  with 
equation  A by  converting  f to  w,  metres  to  feet,  etc.  Due  to  time  restrictions 
in  the  writing  and  publishing  of  the  report,  this  has  not  been  done.  Rather 
the  equations  have  been  shown  just  as  presented  in  Reference  7 and  as 
programmed  for  the  work.  Units  were  corrected  internal  to  the  computer  program. 
For  example,  to  convert  f to  u multiply  by  2ir,  and  to  convert  S^(f)  in  m2  • sec 
to  S^(w)  in  ft2  • sec,  multiply  by  (3 • 28) 2 and  divide  by  2ir.  Work  soon  to  be 
published  by  the  Ship  Performance  Department  regarding  the  appropriate  seas  for 
ship  design  will  provide  a comparative  listing  of  the  equations  for  the 
Bretschneider , JONSWAP,  and  P ierson-Moskowi tz  forms  such  that  they  are  all 
compatible. 
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Figure  15  “ Comparison  of  Plerson-Moskowl tz  and  JONSWAP 
Spectral  Shapes  for  a Wind  Speed  of  15  Knots 


APPENDIX  B 

DATA  BASE  OF  MONOB  I SHIP  MOTION  PREDICTIONS 


Table  14  presents  a listing  of  the  numbers  of  the  tables  of  predicted  ship 
motions  included  in  this  work.  The  tables  contain  the  RMS  ship  motions  and 
associated  periods,  at  the  CG  as  well  as  the  center  of  the  cable  sheave 

for  0,  3.  and  6 knots.  The  0-knot  data  is  of  primary  Interest  in  the  current 
work.  Additional  data,  namely  the  velocities  and  accelerations  for  the  same 
cases,  as  well  as  the  spectra,  are  stored  on  microfiche  and  available  upon 
request. 

The  tables  of  motions  and  periods  are  in  four  groups,  one  for  each  wave 
spectral  type,  namely  the  Bretschneider  long  crested,  the  Bretschneider  short 
crested,  the  JONSWAP  long  crested,  and  the  JONSWAP  short  crested.  Heights  and 
periods  defining  the  eight  spectral  conditions  in  each  case  are  located  on  the 
tables.  Tables  15  to  26  are  for  the  Bretschneider  cases  arid  Tables  27  to  38 
are  for  the  JONSWAP  cases.  As  Tables  15  to  26  are  for  a 0.3  m ( 1 -f t ) signifi- 
cant wave  height,  motion  values  from  them  should  be  multiplied  by  wave  height 
in  order  to  predict  for  any  sea  state.  In  addition,  Table  11  can  be  used  to 
determine  higher  order  statistics.  For  example,  using  Table  11  and  Table  20, 
the  highest  expected  vertical  displacement  of  the  cable  sheave  in  100  occurrences 
in  a Sea  State  2 which  is  characterized  by  a significant  wave  height  of  1.22  m 
(4  ft)  and  a modal  period  of  7 seconds  when  the  ship  is  at  rest  in  head  uni- 
directional seas  is  found  by 

3.03  x 4 x .224/3.28  = 0.83  m (2.7  ft). 

Tables  27  to  38  are  used  similarly  though  it  is  unnecessary  to  include  signifi- 
cant wave  height  in  the  multiplication.  Only  the  statistical  constant,  selected 
from  Table  11,  is  required  for  determining  the  ship  motions  for  the  fetch- 
1 1 ml  ted  case. 
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TABLE  1<*  - MONOB  t , DESCRIPTION  OF  DATA  BASE  TABLES  OF  SHIP 
MOTIONS  AND  PERIODS  FOR  0,  3,  AND  6 KNOTS 


RMS  Motion/Period  Table 

Numbers 

Motion 

blc 

Bsc 

JLC 

Jsc 

Roll 

15 

21 

27 

33 

Pitch 

16 

22 

28 

3A 

Vertical  Displacement  at  CG, 
Heave 

17 

23 

29 

35 

Longitudinal  Displacement 
at  Sheave 

18 

2k 

30 

36 

Lateral  Displacement 
at  Sheave 

19 

25 

31 

37 

Vertical  Displacement 
at  Sheave 

20 

26 

32 

38 

B * Bretschne Ider 
J - JONSWAP 


LC  = Long  crested 
SC  « Short  crested 


TABLE  16  - MONOB  I,  0,  3,  AND  6 KNOT  PITCH  ANGLES  FOR 
LONG  CRESTED  BRETSCHNE I DER  SEAS 
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TABLE  18  - MONOB  I,  0,  3,  AND  6 KNOT  LONGITUDINAL  DISPLACEMENTS 
AT  THE  CABLE  SHEAVE  FOR  LONG  CRESTED  BRETSCHNE I DER  SEAS 
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TABLE  22  - MONOB  I,  0,  3.  AND  6 KNOT  PITCH  ANGLES  FOR 
SHORT  CRESTED  BRETSCHNE I DER  SEAS 
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NOTE:  V IS  SMTP  SPEtO  IN  KNOTS  ANO  T IS  MOOAL  HAVE  PEB100 


TABLE  38  - MONOB  I,  0,  3,  AND  6 KNOT  VERTICAL  DISPLACEMENTS  AT 
THE  CABLE  SHEAVE  FOR  SHORT  CRESTED  JONSWAP  SEAS 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

111  DTNSRDC  REPORTS.  A FORMAL  SERIES  PUBLISHING  INFORMATION  OF 
PERMANENT  TECHNICAL  VALUE.  DESIGNATED  BY  A SERIAL  REPORT  NUMBER 

(21  DEPARTMENTAL  REPORTS.  A SEMIFORMAL  SERIES.  RECORDING  INFORMA 
TION  OF  A PRELIMINARY  OR  TEMPORARY  NATURE.  OR  OF  LIMITED  INTEREST  OR 
SIGNIFICANCE.  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION 

(3)  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES.  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS.  NUMBERED  AS  TM  SERIES 
REPORTS.  NOT  FOR  GENERAL  DISTRIBUTION 


